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Abstract: We present a novel technique for producing single-step buried K
+-Na
+ ion-exchanged 
waveguides in BK-7. Direct bonding provides atomic contact between chemically modified glass 
layers, which when heated create a waveguide by intersubstrate ion-exchange. 
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Presented are the results of our initial study towards producing buried waveguides in BK-7 glass by intersubstrate 
ion-exchange. This method uses the direct bonding (DB) [1-2] technique to provide a region of atomic contact 
between two BK-7-type substrates, compositionally designed to create opposing potassium and sodium 
concentration gradients across the bonded interface, between which ion-exchange can take place. By taking this 
approach we have achieved a single-step buried ion-exchange mechanism with intrinsically low waveguide losses.  
It is the annealing phase used in DB that provides the key to this process, as the time and temperature used to 
strengthen direct-bonded BK-7 substrates (350-400°C for several hours) is also appropriate for K
+-Na
+                 
ion-exchange. By performing these processes simultaneously we remove any risk of secondary diffusion of the 
waveguide layer, or damage to the optically polished substrates (surface condition is a critical prerequisite for DB), 
whilst also escaping the hostile environment associated with a molten salt bath. 
      For this initial demonstration, a BK-7 substrate containing a 2 wt.% neodymium dopant was prepared and  
direct-bonded to a potassium-rich glass of similar composition to BK-7 (Fig.1(a)). The potassium-rich BK-7-type 
substrate was prepared with an additional ~ 4 wt.% of K2O, accompanied by the removal of an equal amount of 
Na2O. Such an offset in glass composition allows the realization of buried laser waveguides by internal ion-
exchange processes during the high temperature annealing of the bonded interface (Fig.1(b)). 
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Fig. 1. (a) Schematic diagram of a buried laser waveguide device and (b) a graph of chemical composition versus distance 
across the interface for a device annealed at 350°C annealed for 6 hours (solid line) and an unannealed control sample 
(broken line) as measured by a scanning electron microscope. The change in chemical profile with annealing indicates   
K
+-Na
+ ion-exchange between the glass substrates. 
 
Characterization of a 6-mm long buried laser waveguide device was performed using a Ti:Sapphire laser operating 
at  808  nm.  The  resultant  laser  output  exhibited  TE  polarized  single-spatial-mode  operation  with  losses  of                 
< 0.4 dB cm
-1 and a maximum output power of 8.5 mW for 249 mW of absorbed pump power. From these initial 
results, it is hoped that optimization of glass composition and heat treatments could lead to efficient low-loss buried 
waveguide devices for use with integrated optics. 
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